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A LOW DENSITY PARITY CHECK (LDPC) CODE DECODER 
BACKGROUND 

[0001] A communication environment generally refers to a group of 

interconnected wired and/or wireless devices sucii as, for example, laptops, 
mobile phones, servers, fax machines, printers, etc, which may 
send/receive data. The transmitting devices may often encode the 
information before transferring the encoded data over a communication 
medium provisioned between the devices. The receiving devices may 
perform decoding, error detection and connection and such other operations 
to extract the information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] The invention described herein is illustrated by way of example and 

not by way of limitation in the accompanying figures. For simplicity and 
clarity of illustration, elements Illustrated in the figures are not necessarily 
drawn to scale. For example, the dimensions of some elements may be 
exaggerated relative to other elements for clarity. Further, where 
considered appropriate, reference labels have been repeated among the 
figures to indicate corresponding or analogous elements. 

[0003] FIG. 1 illustrates an embodiment of a communication system 

comprising a transceiver 100 and communication channel 150. 

[0004] . FIG, 2 Illustrates an embodiment of an operation of the decoder 
depicted in FIG. 1 . 
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[0005] FIG. 3A illustrates an embodiment of a processing element (PE) 

operating based on associative processing. 
[0006] FIG. 3B illustrates an embodiment of a Macro comprising one or 

more PEs of FIG. 3A. 
[0007] FIG. 4 illustrates an embodiment of a decoder comprising one or 

more Macros of FIG. 3B. 
[0008] FIG. 5 depicts an enribodiment of a row of the decoder of FIG. 4. 

[0009] FIG, 6 depicts an operation of the row depicted in FIG. 5, 

[0010] FIG, 7 depicts an embodiment of a column of the decoder of FIG. 4, 

[001 1] FIG. 8 illustrates an embodiment of the system comprising a 

transceiver 100 of FIG.1 . 

DETAILED DESCRIPTION 

[0012] The following description describes a low density parity check 

(LDPC) decoder. In the following description, numerous specific details 
such as logic implementations, resource partitioning/sharing/duplication 
impiementations, types and interrelationships of system components, and 
logic partitioning/integration choices are set forth in order to provide a more 
thorough understanding of the present invention. It will be appreciated, 
however, by one skilled in the art that the invention may be practiced 
without such specific details. In other instances, control structures, gate 
level circuits, and full software instruction sequences have not been shown 
in detail in order not to obscure the invention. Those of ordinary skill In the 
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art, with the included descriptions, will be able to implement appropriate 
functionality without undue experimentation. 

[0013] References in the specification to "one embodiment", "an 

embodiment", "an example embodiment", etc., indicate that the embodiment 
described may include a particular feature, structure, or characteristic, but 
every embodiment may not necessarily include the particular feature, 
structure, or characteristic. l\/ioreover, such phrases are not necessarily 
referring to the same embodiment. Further, when a particular feature, 
structure, or characteristic is described in connection with ah embodiment, it 
Is submitted that it is within the knowledge of one skilled in the art to effect 
such feature, structure, or characteristic in connection with other 
embodiments whether or not explicitly described. 

[0014] Embodiments of the invention may be implemented in hardware, 

firmware, software, or any combination thereof. Embodiments of the 
invention may also be implemented as instructions stored on a machine- 
readable medium, which may be read and executed by one or more 
processors. A machine-readable medium may include any mechanism for 
storing or transmitting information in a form readable by a machine (e.g., a 
computing device). For example, a machine-readable medium may include 
read only memory (RDIVI); random access memory (RAM); magnetic disk 
storage media; optical storage media; flash memory devices; electrical, 
optical, acoustical or other fomis of propagated signals (e.g., carrier waves, 
infrared signals, digital signals, etc.), and others. Further, firmware, 
software, routines, instructions may be described herein as performing 
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certain actions. However, it should be appreciated that such descriptions 
are merely for convenience and that such actions in fact result from 
computing devices, processors, controllers, or other devices executing the 
firmware, software, routines, instructions, etc. 

[0015] An embodiment of a portion of a communication system is illustrated 

in FIG. 1 . The portion of the communication system may comprise a 
transceiver 1 00 and a communication medium 1 50. The transceiver 1 00 
may send and receive signals over the communication medium 150. The 
communication medium 150 may represent a wired medium such as a co- 
axial cable, an optical fiber, and a wireless medium. The transceiver 100 
may be used, for example, in network interface cards (NIC), physical layer 
devices (PHYs) and such other devices. In one embodiment, the 
transceiver 100 may comprise a transmitter 120 and a receiver 130. 

[0016] The transmitter 120 may receive a data bit stream or information bits, 

process the data bit stream to generate a signal or a symbol or a codeword, 
and then transmit the signal on the communication medium 150. In one 
embodiment, the transmitter 1 20 may process the data bit stream using 
techniques such as framing, scrambling, encoding, and mapping. In one 
embodiment, the transmitter 120 may encode the data bit stream using low 
density parity check (LDPC) codes. The transmitter 120 may modulate the 
bit stream using pulse amplitude modulation (RAM), binary phase shift 
keying (BPSK) and such other modulation techniques. 

[0017] The receiver 130 may generate data bits from a received signal 

before sending the data bits for further processing, for example, to a switch, 

-4- 
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router, or any device configured to receive data bits- In one embodiment, 
the receiver 1 30 may process the codewords using techniques such as 
demodulation and decoding. In one embodiment, the receiver 130 may use 
LDPC codes and iterative decoding techniques to decode the codewords. 
[001 8] An embodiment of the receiver 1 30 may comprise a demodulator 1 40 

and a decoder 180. in one embodiment, the demodulator 140 may 
generate soft decision values based on the received symbols or codewords 
and provide the soft decision values to the decoder 180. In one 
embodiment, the soft decisions may represent a likelihood that a bit may 
represent a one or zero. The soft decision values may be taken into 
account when determining the value of the bit from the received codeword. 
In one embodiment, the demodulator 140 may use infomiation relating to 
. the confidence of the received codeword and the properties, such as signal- 
to-noise ratio (SNR), of the communication medium 150 to generate the soft 
decision values. 

[0019] In one embodiment, the decoder 180 may generate data bits by 

decoding the codewords based on, for example, a multi-threshold decision 
scheme. The decoder 1 80 may perform iterative decoding based on the 
LDPC coding techniques. In one embodiment, the decoder 180 may 
perform iterative decoding until a desired data stream is generated from the 
codeword or until a number of iterations equaling log2 n is complete, where 
n is a code length of the codeword. 

[0020] In one embodiment, the decoder 180 may receive generate initial 

reliability values and initial hard decision values based on the soft decision 
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values. In one embodiment, the decx)der 180 may receive initial threshold 
values (Tl) as well and the decoder 180 may decode the codewords using a 
LDPC parity check matrix (H), the initial reliability values (Ri) and the initial 
hard decision values (Xi). The decoder 180 may iteratively compute parity 
check values starting from the initial values of RI, Xi, and Tl and may 
generate a new hard decision vector. The decoder 1 80 may terminate the 
Iterations if the new hard decision vector represents the desired data stream 
or the decoder 1 80 may perform pre-determined number of iterations before 
determining to request for a re-transmisslon. 

In one embodiment, the decoder 180 may use one or more 
processing elements (PE) operating based on associative processing to 
perform Iterative decoding to decode the symbols received from the 
communication medium 150. In one embodiment, the elements may 
comprise a processing logic and a memory to perform operations to identify 
the stored data based on content of a memory location as compared to 
identifying the data based on a location or an address. For example, the 
elements may operate as content addressable memory (CAM) rather than 
as a random access memory (RAM). 

In one embodiment, the decoder 180 may use the PEs to implement 
one or more check node update units (CNU) and variable node update units 
(VNU) of a decoder implemented based on the LDPC decoding. A CNU 
may be coupled to one or more VNUs based on the position of 'ones' in a 
corresponding row and a column of the parity check matrix (H). In one 
embodiment, the decoder 1 80 may operate based on an uniformly most 
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powerful (UMP), min-sum. or a posteriori probability (APP) algorithm that 
may also be implemented using the PEs. 

0023] An embodiment of an operation of the decoder 1 80 implemented 

based on a multi-threshold decision scheme is illustrated in FIG. 2. In block 
210, the decoder 180 may generate an initial hard decision vector (Xi) and 
an initial reliabilities vector (Rl) based on the soft decision values. For a 
received codeword. Y=(Y1. Y2. .... Yn). let N(m) be the set of codeword 
positions that are used in an m* parity check: N(m) = {n : H(m,n)=1}. where 
H is the parity check matrix and H(m,n) = 1 indicates that the value of the H 
matrix at the (m.n) position equals one. Further, M(n) may be the set of 
parity checks that includes n*' codeword position: M(n) = {m : H(m.n)=1}. 

[0024] At initialization, for every element, Yi, of the received vector, the 

decoder 180 may generate the hard decision value Xi and the bit reliability 
value Ri. In one embodiment, the decoder 1 80 may set the bit reliability 
value Ri to the absolute value of Yi and the hard decision value Xi to one if 
Yi is greater than zero, and to zero othenwise. For example, the decoder 
180 may generate a Xi = 0 and Yi = 2.48, if the value of Yi equals -2.48. 
For every m belonging to M(n), a parity check bit reliability is defined as 
Ymn, where initially Ymn = Rn, and an associated hard decision is defined 
as Xmn, where initially Xmn = Xn. 

[0025] In block 220, the decoder 1 80 starts to perform an Iterative decoding 

process by generating parity check reliabilities values based on Xi and Ri. 
In one embodiment, for each n and each m belonging to M(n), the decoder 
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180 may determine the check sums, Smn. In one embodiment, the decoder 
1 80 may detennine the check sum as follows: 

Smn = (Xn) xor (summation of Xmn' IVIOD 2), where the summation 
is over n' belonging to N(m)\n and N(m)\n represents a set N(m) with bit 'n' 
excluded. 

[0026] in one embodiment, the decoder 1 80 may Identify a value for the 

minimum of Ymn as follows: 

Ymn(min) = min of {Ymn' } for n' belonging to N(m)\n. 
[0027] In block 230, the decoder 1 80 may compute a threshold value. In 

one embodiment, the decoder 180 may set the threshold to the minimum 

value, over all n, of the set of an updated bit reliabilities defined for each n 

as follows: 

Zn = Rn + summation (-1 f""" Ymn(min) for m belonging to M(m). 

[0028] The updated bit reliability Zn may also act as comparison reliabilities 

Zmn in the decoding process. 

[0029] In one embodiment, the decoder 1 80 may generate the multi-value 

threshold by, adaptively, computing the threshold value during each 
iteration of the decoding process. In another embodiment, the decoder 180 
may generate the multi-value threshold by computing a value for the 
threshold during the first iteration using the updated bit reliabilities and may 
provide a fixed value, such as zero, for the remaining iterations. In another 
embodiment, the decoder 180 may assign pre-detemnined values to the 
multi-value threshold values and the pre-determlned values may be based 
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on the characteristics, such as signal-to-noise ratio, of the communication 
medium 1 50. 

[0030] in biock 240. the decoder 1 80 may update the parity checic bit 

reliabilities based on prior parity check reliability values and the multi-value 
threshoW values, respectively, determined in the block 220 and 230. In one 
embodiment, the decoder 1 80 may compute comparison reliabilities Zmn 
based on the initial reliability value (Rn). check sum (Smn) and the minimum 
of the parity-check reliability value Ymn(min). For each n and each m 
belonging to l\/l(n), the decoder 1 80 may detemnlne the comparison 
reliability value Zmn as follows: 

Zmn = Rn + summation of (-if"'" Ym'n(min) for m' belonging to 

N(n)\m. 

[0031] For each n. the decoder 1 80 may update the parity check bit 

reliabilities based on the comparison reliabilities, Zmn. Updating a reliability 
or a hard decision value includes maintaining the value of the reliability or 
the hard decision, if the comparison indicates that the reliability or the hard 
decision should remain the same. In one embodiment, the decoder 180 
may determine the parity-check reliability Ymn and Xmn as follov»^s: 
Ymn = Zmn. (if Zmn >0), or, -Zmn, (if Zmn < threshold), or 0, 

otherwise. 

Xmn = Xmn, (if Zmn > threshold) or (1-Xmn) If Zmn < threshold. 
[0032] In block 250. the decoder 1 80 may generate a new hard decision 

vector, C, based on the comparison reliabilities Zmn. The decoder 1 80 may 
determine the elements Ci of the hard decision vector as fbltows: 
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Ci = Xi (if Zmn > zero); and (1-Xi) if Zmn < zero. 
[0033] In one embodiment, the decoder 1 80 may generate a new hard 

decision vector by maintaining the value of the bit. If the comparison 
reliability Zmn Indicates that the bit should remain the same and changing 
the bit otherwise. 

[0034] In block 260, the decoder 1 80 may determine if the vector C equals a 

desired data vector and control passes to block 220 if the condition Is false 
and the decoding process ends otherwise. 

[00351 An embodiment of a processing element (PE) 31 0 is illustrated in 

FIG. 3A. The PE 310 may comprise logic 312 and a memory 316. In one 
emtwadiment. the processing element 31 0 may accept a comparand and a 
mask as Inputs, search all stored data locatk>ns In the memory 316 
simultaneously. The processing elements 310 may match the masked-on 
bits of the comparand and the con-esponding bits in the memory 316 and 
Identify the matching data words. In one embodiment, the PE 310 may set 
a marker or a tag to indicate the presence of a match. 

[0036] An embodiment of a macro 350 is illustrated in FIG. 3B. The macro 

350 may comprise one or more processing elements 310. In one 
embodiment, the macro 350 may comprise 64 PEs 310-1 to 310-64. Each 
PE may share the stored data with the other PEs to detenmine a new hard 
decision vector during each iteration. The macro 350 may be used to 
perfomi different operations such as Input processing, row and column data 
processing, and row and column control processing. 
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An embodiment of the decoder 180 is illustrated in FIG. 4. In one 
embodiment, the decoder 180 may use LDPC codes of length 2048 bits, 
which may comprise infonnation bits and redundant bits for forward error 
conrection. The parity check matrix corresponding to the code length of 
2048 bits may comprise 384 rows with 32 ''ones" in each row and 6 "ones" 
In each column. The decoder 180 may thus comprise 32 numbers of the 
macro 350 in a row and 6 numbers of the macro 350 in a column. 

Based on the position of the macro 350 in the decoder 180, the 
macro 350 may perform operations such as input data processing, row and 
column data processing, and row and column control processing. In one 
embodiment, the macros 350 that may be used to perform input data 
processing may be referred as input processing elements (IPE); the macros 
350 that may used to perform row and column data processing may be 
referred as the associative processing elements (APE); the macros 350 that 
may be used to perform row control processing may be referred as row 
control elements (RCE); and the macros 350 that perfomn column control 
processing may be referred as column control elements (CCE). 

In one embodiment, the decoder 180 may comprise an interieaver 
405, IPEs 410-1 to 410-32, RGBs 430-1 to 430-6, APEs 451-1 to 456-32, 
CCEs 480-1 to 480-32, and a deinterieaver 495. The IPEs, APEs, RCEs, 
and CCEs may operate in word-parallel, bit-serial format. In one 
embodiment, structured arrangement of similar PEs may decrease the gate 
count and the conductor paths that may be used to couple each element. 
Thus, such an approach may reduce the real estate of the integrated circuit 

-11- 
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(IC) chip used to implement the decoder 180 and such an arrangement may 

increase the clock rate as well. 
[0040] The interleaver 405 and deinterleaver 495 may be Implemented for 

message routing and such other interfacing tasks. In one embodiment, the 
Interleaver 405 may receive the initial reliabilities of the codewords and may 
route the initial reliability values (Ri) and Initial hard declston values (XI) to 
the IPEs. For example, the Input reliability value con^sponding to a first 
"one" in the first row may be sent to the first PE of the macro IPE 410-1 . 
The deinterleaver 495 may collect hard decisions sent by each CCE before 
sending the information bits onward. 
[0041] In one embodiment, the decoder 180 may comprise 32 IPEs, IPE 

410-1 to 410-32 con^esponding to each column. In one embodiment, the 
IPEs may generate hard deciston vector and reliabilities vector based on the 
soft decision values. In one embodiment, the IPEs may buffer the input 
reliabilities of the received symbols, with each PE of the IPE 410 buffering 
one reliability value. Also, the decoder 180 may use the IPEs while 
updating the reliabilities in the columns. In one embodiment, the decoder 
180 may cause the IPEs 410-1 to 410-32 to co-operatively operate wrth 
corresponding APEs in that column to generate the check sum Smn based 
on the threshold values and the comparison reliabilities Zmn. 
[00421 The decoder 1 80 may comprise APEs 45 1 -1 to 451 -32 in row-1 , 

APEs 452-1 to 452-32 in row-2, APEs 453-1 to 453-32 In row-3. APEs 454- 
1 to 464-32 in row^4, APEs 455-1 to 455-32 in row-5, and APEs 456-1 to 
456-32 in row-6. In one embodiment, the APEs may store the updated 
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reliability values of each "one" of the parity check matrix (H) and may 
participate in updating the reliabilities in each row and column, in one 
embodiment, the APEs in each row along with a corresponding RCE may 
detemiine Ymn(min) during each iteration. In one embodiment the APEs in 
each row may receive control values such as comparand-1 , comparand-2, 
mask, and sign and generate decision values such as a Some1 , Some2, 
Morel , and Sign values. The APEs in each column along with the CCE 
may detennine the checl< sum Smn, Zmn, and one or more bits in the hard 
decision vector during each iteration. 

Each row of the decoder 180 may comprise a control element such 
as the RCE. In one embodiment, the row-1 may comprise a RCE 430-1 , 
which may generate control values such as comparand-1 and comparand-2 
values, mask values, sign values, and clock signals to determine a first 
minimum and a second minimum value among the reliability values stored 
in each PE of the APEs 451-1 to 451-32. The RCE 430-1 may receive 
decision values such as Somel , Some2, and Morel that may indicate the 
presence of a first minimum and a second minimum value in the row-1 . The 
RCE 430-1 may detenmine the first minimum and second minimum value 
based on a two-min algorithm and may store the first minimum and the 
second minimum values in a corresponding APE of the row-1. 

Each column of the decoder 180 may comprise a control element 
such as the CCE. In one embodiment, the column-1 may comprise a CCE 
480-1 , which may generate update values such as Zmn and generate bits of 
the hard decision vector based on the values of Zmn. In one embodiment, 
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the CCE 480-1 may operate along with the IPE 410-1 and APEs 451-1 to 
456-1 to generate the comparison reliabilities Zmn based on the Smn value 
and the Ymn(min) values. In one embodiment, the CCE 480-1 may 
generate bits of the hard decision vector based on the values of Zmn and 
the threshold values. 

[0045] An embodiment of the PEs, in a row, collectively updating reliability 

values Is illustrated in FIG. 5. The APE 451-1 macro may comprise one or 
more PEs 501-1 to 501-64. The logic diagram of the PE 501-64 is depicted 
in detail in FIG. 5 and the other PEs of each APE 451-1 to 451-32 may be 
Implemented in a similar manner The PE 501-64 may comprise a logic 
551 , logic gates 51 0-550, and a memory 516. 

[0046] The Logic 551 may generate update values such as a tag-1 and a 

tag-2 based on the control values such as a comparand-1 , a comparand-2, 
a mask, and a sign. In one embodiment, the logic 551 may generate the 
tag-1 and the tag-2 values based on a rule: 

tag-1 = 1 , {if (comparand-1 AND masi<)=(re«ability Yi AND mask)} 

and 0, othenA^ise. 

tag-2 = 1 , {if (comparand-2 AND mask)=(reliability Yi AND mask)} 

and 0, otherwise. 

[0047] In one embodiment, OR gates 550 of each PE may, together , 

generate a decision value, the Some1 based on the tag-1 value. In one 
embodiment, the Somel equals one may Indicate that at least one PE 
comprises a reliability value equaling the comparand-1 in masked bits. The 
Somel value may be provided as an input to the RCE 430-1 . In one 
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embodiment, the logic gate 550 may use the tag-1 to generate the Some1 
value based on the following rule: 

Some1 = 1 (if at feast one tag-1 =1 ); or 0, othenfl/ise. 
[0048] In one embodiment, OR gates 520 of each PE in each APE may, 

together, generate the Some2 based on the tag-2 value. In one 
embodiment, the Some2 equals one may indicate that at least one PE may 
comprise a reliability value equaling the comparand-2 in masked bits. The 
Some2 value may be provided as an input to the RCE 430-1 . In one 
embodiment, the Some2 may be determined based on the following rule: 
Some2 = 1 (if at feast one tag-2 = 1 ); or 0, othenwise. 
[0049] In one embodiment, the Somel and the Some2 may respectively 

indicate the presence of a first minimum value and a second minimum value 
among the reliability values stored in each APE 451-1 to 451-32. 
[0050] In one embodiment, AND gates 540 and OR gates 530 of APE 451-1 

to 451-32 may, collectively, generate the Morel value based on the tag-1 
value. In one embodiment, the Morel equals 1 may indicate that more 
than one APE may comprise a reliability value equaling the first minimum 
value. In one embodiment, an AND gate 540 may perfomn AND operation 
of the tag-1 and a value received from a prior PE and the resulting value 
may be provided as an input to an OR gate 530. The OR gate 530 may 
perfomi OR operation of the output of AND gate 540 and a value received 
from a prior PE. The output generated by each APE may be used by a next 
APE to generate the Morel value based on the conresponding tag-1 values. 
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The Morel value may be provided as an Input to the RCE 430-1 . In one 
embodiment, the Morel may be detemiined based on the following rule: 

Morel = 1 (If at least two tag-1 s in a row = 1 ); or 0 otherwise. 

In one embodiment, the XOR gate 510 may be used to generate a 
sign value and the sign value may be provided as an Input to the RCE 430- 
1. 

The RCE 430-1 may generate the control values such as the 
comparand-1 . the comparand-2. the Mask, and the Sign before sending the 
control values to each APE 451-1 to 451-32. In one embodiment, the RCE 
430-1 may generate comparand-1 and comparand-2 to respectively 
determine the first minimum value and the second minimum value of the 
reliability values stored In each APE 451-1 to 451-32. In one embodiment, 
during the initial iteration, the RCE 430-1 may generate the comparand-1 
and comparand-2 to respectively equal 000... 00 and 000... 00 and the mask 
may equal 100... 0 (MSB=1). 

During the subsequent iterations, the RCE 430-1 may generate the 
control values such as the comparand-1 , the comparand-2, the Mask, and 
the Sign values based on the decision values the Somel , the Some2, and 
the Morel received from the APEs 451-1 to 451-32 In the row-1 . The RCE 
430-1 may determine the I*' bit of the comparand-1 , the compamad-2. and 
the mask based on the following rules: 

Comparand-1 [i**' bit] = 1 . (if Somel = 1 ); or 0, otherwise. 
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Comparand-2 [i^ bit] = 1, if {[(Morel = 0) AND (Comparand-1[MSB: 
i+1] = Comparand-2[MSB: 1+1])] OR [(Some2 = 0) AND (Comparand- 
1[MSB: i+1] <> Comparand-2[MSB: i+1])] }; and 0, otherwise. 

Mask [i*' bit] = 1 . 

[0054] The RCE 430-1 may perform the two-min search algorithm based on 

the decision values and the two-min search algorithm may be perfomied to 
detemiine the two minimum values of the reliability values In a 
corresponding row. The RCE 430-1 may update the reliability values in 
each PE of the row-1 based on the first minimum value and the second 
minimum value. 

[0055] An embodiment of the RCE 430-1 performing the two-min search 

algorithm is illustrated in FIG. 6. In one embodiment, the two-min search 
algorithm may determine the first and the second minimum values among 
all values in the row-1 - Such an approach may avoid determining the 
minimum value for each PE. 

[0056] In block 610, the RCE 430-1 may detemnine if both the first and the 

second minimum values are equal in all the previous positions based on the 
decision values the Some1, the Some2, and the Morel and control passes 
to block 640 if both the minimum values are equal and to block 680 
othen/vise. 

[0057] In block 640, the RCE 430-1 may check if (Somel equals one) AND 

(Morel equals zero) and control passes to block 660 If the condition is true 
and to block 680 othenA^ise. In one embodiment, the RCE 430-1 may 
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determine the two-minimums based on the mle that a first minimum value is 
stored into all the PEs in which the reliability value was not equal to the first 
minimum value and a second minimum value Is stored into all other PEs. 
However, the first and second minimum reliability values may be equal. 
The Somel equaling 1 and Morel equaling zero indicates that only one PE 
comprises the first minimum value and the Somel and the Morel equaling 
one indicates that more than one PE may comprise the first minimum value. 
[0058] In block 660. the RCE 430-1 may assign a zero to a PE comprising 

the first minimum value and a one to all other PEs comprising the second 
minimum value. 

[0059] In block 680, the RCE 430-1 may assign the second minimum value 

as the reliability value to the PE which comprised the first minimum value 
before the iteration and the first minimum value may be assigned as the 
reliability value to all other PEs. The RCE 430-1 may assign the first 
minimum value to all other PEs comprising non-zero values of the row of 
the parity check matrix (H) except the PE. which comprised the first 
minimum value. The RCE 430-1 may assign the second minimum value for 
the PE, which was storing the first minimum value. 

[0060] For example, if the PEs corresponding to non-zero values of the row- 

1 of the parity check matrix (H) may comprise reliability values such as 0.1 . 
0.2. 0.3. 0.4, 0.5; O.6.... After the two-min search process, the RCE 430-1 
may determine that a first minimum value (= 0.1 ) and a second minimum 
value (= 0.2). The RCE 430-1 may change the reliability values of the 
con-esponding PEs to 0.2. 0.1. 0.1. 0.1, 0.1. and 0.1. The RCE 430-1 of the 
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row-1 may assign the second nninimum value of 0.2 to a PE comprising the 
first minimum value before the present iteration and may assign the first 
minimum value to all other PEs, corresponding to non-zero value of the 

parity check matrix (H), in the TO\N-^ . 

An embodiment of the PEs. collectively, updating the column 
reliability values Is illustrated in FIG. 7. In one embodiment, the column-1 of 
the decoder 180 may comprise the IPE 410-1 . APEs 451-1 to 456-1 , and 
the CCE 480-1 . In one embodiment, the CCE may be Implemented as a 
serial, parallel, or mixed serial/parallel adder. In one embodiment, the CCE 
480-1 may send broadcast message to the APEs in that column and the 
APEs may respond with, for example, the reliability values such as Xmn and 
Ymn(min). 

In one embodiment, the CCE 480-1 may generate, during the first 
Iteration, the check sum Smn based on the initial reliability values (Ri) and 
the initial hard decision vector (Xi). The value of Smn determined by the 
column processing and Ymn(min) detemilned by the row processing may 
be used to determine the updated reliability value Zn, which may be used as 
the comparison reliabilities Zmn. The CCE 480-1 may update parity check 
reliability values and generate bits of a new hard decision vector based on 
the Zmn and the threshold value. The CCE 480-1 may generate, during the 
subsequent iterations, the check sum Smn based on the updated reliability 
values (Xmn and Zmn) and the iteration process may continue until an 
enx)r-free hard decision vector is detennined or until a pre-detemiined 
number of iterations are performed. 
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An embodiment of a network system 800 is illustrated in FIG. 8. The 
network system 800 may comprise a network device 810 and a network 
850. The network device 810 may correspond to a router, laptop computer, 
desktop computer, a hand heW device, network interface card or any such 
devices that may be coupled to the network 850. 

The network 850 may comprise one or more Intemiedlate devices 
such as switches and routers, which may receive, process, and send the 
packets to an appropriate intended iate device. The network 850 may 
enable network devices such as the network device 810 to transmit and/or 
receive data. The intermediate devices of the network 850 may be 
configured to support TCP/IP. ATM and any such communication protocols. 
The network 850 may be coupled to the network devices such as the 
networit device 81 0 via communication medium that may transfer packets 
corresponding to technologies such as 10G Ethernet. 

The network device 810 may generate one or more packets and 
send the packets to other network devices coupled to the network 850. The 
network device 810 may receive packets from other network devices via the 
network 850. In one embodiment, the network device 810 may comprise a 
processor 812, memory 814. and a network interface 618. The processor 
812 may cause the interface 818 to provkJe a voice, data, or video, to a user 
of the network device 810. in response to executing instructions and the 
memory 814 may store the instructions executed by the processor 812. 
The network Interface 818 may comprise, for example, a network interface 
card embodying a transceiver such as transceiver 100. 
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[0066] In one embodiment, the transceiver 1 00 may communicate with the 

network 850 in accordance with the evolving 10GBase-T standard as 
defined by the IEEE 802.3an series of standards, however, other standards 
may be used as well. In some embodiments, the transceiver 1 00 may 
communicate with the network 850 using any type of medium such as but 
not limited to twisted pairs of copper wire, optic channels, wireless 
channels, power-line channels, acoustic/sonar channels, printed circuit 
board (PCB), backplanes, coaxial cable, or any other medium. For 
example, the communication medium 150 may be category 6. 6, 6a. or 7 
network cabling and/or any other shielded or unshielded cabling. 
[0067] The transceiver 1 00 may process the codewords or symbols 

representing data generated by applications such as an e-mail, voice, data, 
video or a file transfer application and received , for example, over a lOGbE 
(lOglga-bit Ethernet) from the network 850. A receiver such as the 
transmitter 130 of transceiver 100 may receive the codewords or symbols 
and decode the codewords to generate bit streams using techniques 
described above. The receiver 1 30 may send the data streams to user 
interfaces, which may convert the data streams into a corresponding signal. 
[0068] Certain features of the invention have been described with reference 

to example embodiments. However, the description is not intended to be 
construed in a limiting sense. Various modifications of the example 
embodiments, as well as other embodiments of the invention, which are 
apparent to persons skilled in the art to which the invention pertains are 
deemed to lie within the spirit and scope of the invention. 
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What is claimed is: 

1 . An apparatus comprising 

a plurality of processing elements, tliat process data based on 
content of the data stored in a plurality of associated memory, to iterativeiy 
decode a received codeword using a bit reliability sucli that for each 
iteration the bit reliability is updated based on a comparison using a 
threshold comprising a plurality of threshold values that are updated during 

the iterative decoding. 

2. The apparatus of claim 1 , wherein the plurality of processing 
elements comprise input processing elements, row control elements, 
column control elements, and associative processing elements an-anged in 
one or more rows and columns based on a presence of a first logic level 
present in each row and column of a low-density parity check matrix. 

3. The apparatus of claim 2 each column further comprises an input 
processing element that detennines an initial bit reliability and an initial hard 
decision value for bit positions of a codeword based on soft decision values, 
wherein the codeword is generated based on the low-density parity check 
parity matrix and the soft decision values are generated based on a 
likelihood that a bit represents a first value. 

4. The apparatus of claim 3, wherein the input processing element 

generates 

the initial bit reliability as equaling an absolute value of a value 
corresponding to the bit positions, and 
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the initial hard decision value as equaling a second value if the soft 
decision value is positive and a third value otherwise. 

5. The apparatus of claim 2. wherein a first row of the rows 
comprises a first set of associative processing elements and a first row 
control element, which, collectively, detennine a first minimum value and a 
second minimum value of bit reliability values stored in the first set of 
associative processing elements during a first iteration. 

6. The apparatus of claim 5, wherein the first row control element 
stores the first minimum value In the first set of associative 

processing element comprising a value other than the first minimum value, 
and 

stores the second minimum value In the first set of associative 
processing elements that stored the first minimum value before the first 
iteration. 

7. The apparatus of claim 5, wherein the first row control element 
generates one or more control values comprising a first comparand 

and a mask to determine the presence of the first minimum value in the first 
set of associative processing element, a second comparand and a mask to 
determine the presence of ttie second minimum value in the first set of 
associative processing element, 

receives one or more decision values indicating presence of one or 
more of the first minimum value and the second minimum value, and 

determines the first minimum value and the second minimum value 
based on the one or more decision values. 
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8. The apparatus of claim 7, wherein the first set of associative 

processing elements 

receive the one or more control values, and 

generate the one or more decision values comprising a first value 
indicating a presence of the first rninimum value in at least one of the first 
associative processing elements, a second value Indicating a presence of 
the second minimum value In at least one of the first associative processing 
elements, and a third value indicating a presence of the first minimum value 
in at least two of the first associative processing elements. 

9. The apparatus of claim 8, the first set of associative processing 
elements comprise a first element, which further comprises 

a logic to receive the one or more control values and generate 
update values, wherein the update values represent a result of comparison 
of masked on bits of the first comparand and the bit reliability value stored in 

the first element, and 

a set of logic gates to generate the one or more decision values 
based on the update values and send the decision values to a second 
element. 

10. The apparatus of claim 2. wherein a first column of the columns 
comprise a first Input processing element, a first column control element, 
and a second set of the associative processing elements, which, 
collectively, detemiine a first bit of an updated hard decision vector. 

1 1 . The apparatus of claim 10, wherein the first input processing 
element, the first column control element, and the second set of the 
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associative processing elements, collectively, determine a first bit of an 
updated hard decision vector based on a first comparison reliability value 
and a first threshold value of the plurality of threshold values. 

12. The apparatus of claim 1 1 , wherein the first input processing 
element, the first column control element, and the second set of the 
associative processing elements, collectively, determine the first 
comparison reliability value based on a first check sum determined based 
on the hanj decision values and a first minimum value representing a 
minimum value of the bit reliability stored in a first set of associative 
processing elements of a first row. 

13: The apparatus of claim 1 , wherein the processing elements 
detennine the plurality of threshold values based on a first characteristic of 
a communication channel over which the low-density parity checic codeword 
is received. 

14. The apparatus of claim 1 , wherein the processing elements 
continue to Iteratively decode the low-density parity check codeword until a 
desired data stream is generated. 

1 5. The apparatus of claim 1 , wherein the processing elements 
continue to iteratively decode the low-density parity check codeword for 
log2 n number of iterations, where n is a code length of the codeword. 

16. A method comprising determining a first minimum value and a 
second minimum value of bit reliability values stored in a first set of 
associative processing elements during a first iteration. 

1 7. The method of claim 1 6 further comprises 
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storing the first minimum value in the first set of associative 
processing element comprising a value other than the first minimum value, 
and 

storing the second minimum value in the first set of associative 
processing elements that stored the first minimum value before the first 
iteration. 

18. The method of claim 16 further comprises 

generating one or more control values comprising a first comparand 
and a mask to detemiine the presence of the first minimum value in the first 
set of associative processing element, 

generating a second comparand and a mask to determine the 
presence of the second minimum value in the first set of associative 
processing element, 

receiving one or more decision values indicating presence of one or 
more of the first minimum value and the second minimum value, and 

determining the first minimum value and the second minimum value 
based on the one or more decision values. 

19, The method of claim 18 further comprises 
receiving the one or more control values, 

generating the one or more decision values comprising a first value 
indicating a presence of the first minimum value in at least one of the first 
associative processing elements, 
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generating the. one or more decision values comprising a second 
value indicating a presence of tlie second minimum value in at least one of 
the first associative processing elements, and 

generating the one or more decision values comprising a third value 
indicating a presence of the first minimum value in at least two of the first 
associative processing elements. 

20. The method of claim 19 further comprises 
receiving the one or more control values, 

generating a first update value, wherein the first update value 
represents a result of comparison of masked-in bits of the first comparand 

and a first bit reliability value, and 

generating a second update value, wherein the second update value 
represents a result of comparison of masked-in bits of the second 
comparand and a first bit reliability value. 

21 . A system comprising 
a transmitter, 

a network interface to receive one or more codewords over a 

communication medium, 

a receiver comprising a demodulator to generate soft decisions for 
the one or more codewords based on one or more characteristics of the 
communication medium and a decoder comprising a plurality of processing 
elements, processing data based on content of the data stored in a plurality 
of associated memory, to iteratively decode a first codeword of the one or 
more codewords using a bit reliability such that for each iteration the bit 
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reliability is updated based on a comparison using a tlireshold comprising a 
plurality of threshold values that are updated during the iterative decoding. 

22. The system of claim 21 wherein the receiver receives the one or 
more codewords at a rate of at least 10 giga bits per second in accordance 
with 1 0GBase-T standard. 

23. The system of claim 21 further comprises 

generating the one or more codewords by encoding a bit stream 
based on a low-density parity check codes and sending the one or more 
codewords over the communication medium, and 

the network interface to transmit the one or more codewords at a rate 
of at least 1 0 giga bits over the communication medium. 

24. The system of claim 21 represents a network interface card. 

25. The system of claim 21 the system further Includes at least one 
of a computer, a switch, a router, a handheld, a cell phone, or a server . 
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ABSTRACT 

An embodiment of a decoder comprises processing elements 
operating on associative processing. The processing elements may 
comprise a logic and memory element. Each row of the decoder comprises 
one or more associative processing elements controlled by a row control 
element to detennine the two minimum values. Each column comprises 
one or more associative processing elements, an input processing element, 
and a column control element to detenmine hard decision bits. The usage of 
processing elements to construct a decoder may reduce the gate count and 
decrease the interconnects used to couple the elements. 
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An embodiment of a decoder comprises processing elements operating on associative 
processing. The processing elements may comprise a logic and memory element. 
Each row of the decoder comprises one or more associative processing elements 
controlled by a row control element to determine the two minimum values. Each 
column comprises one or more associative processing elements, an input processing 
element, and a column control element to determine hard decision bits. The usage of 
processing elements to construct a decoder may reduce the gate count and decrease 
the interconnects used to couple the elements. 



